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Please find the update to the Region IX PRG table. The table has been revised to reflect the most 
current EPA toxicological and risk assessment information. Updates to EPA toxicity values were 
obtained from IRIS through July 1994 and HEAST through March 1994. Age-adjustment factors have 
been added to better evaluate residential exposures to carcinogens. In addition, the soil saturation 
equation has been corrected, leading to approximately a ten fold higher saturation concentration in 
soils. 

The PRG table provides useful risk-based information for Region IX risk assessors and managers. 
However, the table has no official status and may be in conflict with local state requirements. Four 
problem chemicals (cadmium, chromium, nickel, and DBCP) have been identified by Cal-EPA's 
Department of Toxic Substances Control . California soil values differ significantly, by a factor of four or 
more, for these chemicals. To address these concerns, the 'Cal-modified PRG" concentrations, based 
on PEA (1994) guidance, are included with the federal values and should be used in California when 
screening a site. 

In general, PRGs should be used as a predictor of single-contaminant risk estimates for a specific 
environmental media (e.g. soil, air, and tap water). However, multiple pollutant risks can also be 
estimated using PRGs (see Screening Risk below). This procedure is somewhat more complicated as 
tt requires gathering additional information, either by downloading the table to display the hidden 
columns or by using the equations presented in the text for calculating additional concentration terms 
not provided in the print out. 

A contaminant concentration that exceeds a PRG level does not, in &sok mean that there is an 
unacceptable heatth threat. However, exceedances should be evaluated further. It Is recommended 
that the reader verify the numbers with a toxicologist because the toxicity/exposure information in the 
table may contain errors or default assumptions that need to be refined based on further evaluation. 

tf you are not currently on the PRG mating list, but would like to be, please make the request through 
EPA's project manager working on your site. Or, simply download the file (PRG2ND94,ZIP) from 
California Regional Water Board's BBS [(510) 286-0404]. If you find an error please send me a note 
via fax at (415) 744-1916. 



1.0 INTRODUCTION 

The Region IX PRG Table combines EPA toxicity values, updated biannually, wtth reasonable 
maximum exposure (RME) factors to estimate concentrations1n -environmental-med347-soilialri 
and water) that are generally agreed to be °safes for humans. Above these levels, there may be 
enough concern to warrant further evaluation of risks. 

PRG concentrations presented In the Tables can be used to screen pollutants in environmental 
media, trigger further investigation; and provide an initial cleanup goal if applicable. 
When considering PRGs as Inttial cleanup goals, residential concentrations should be used for 
maximum beneficial uses of a property. Industrial concentrations for soil only are included in the table 
as an alternative goal, but industrial concentrations should not be used for screening a site. They are 
meant to provide the manager with an alternative preliminary goal for sites zoned heavy industrial. 

Before applying PRGs as screening tools or inttial cleanup goals, the user of the table should consider 
whether the exposure pathways at the site are fully accounted for in the PRG calculation. RegIon LK 
PRG concentrations are based on direct exposures (i.e. ingestion, dermal contact, and 
Inhalation) for specific land-usa condttions and do not consider impact to groundwater or 
ecological receptors. To determine the appropriateness of Region IX PRGs, the following questions 
should be asked: 

• -Are there potential ecological concerns? 

• Is there potential for land use other than those covered by the PRGs (that is, residential and 
industrial)? 

• Are there other likely human exposure pathways that were not considered in development of 
the PRGs (e.g. Impact to groundwater, local fish consumption; raising beef, dairy, or other 
livestock)? 

• Are there unusual site conditions (e.g. large areas of contamination, high fugitive dust levels, 
potential for indoor air contamination)? 

If any of these four conditions exist, the PRG may need bp be modified to reflect this new information. 
In general, PRGs are refined In the site conceptual model developed as part of a site-specific risk 
assessment 

DISCLAIMER 

Preliminary remediation goals (PROs) focus on dominant exposure pathways and may not 
consider all exposure pathways encountered at CERCLA/RCRA sites (Exhibit 1-1). PRGs do not 
consider impact to groundwater or address ecological concerns. PRGs are specifically not 
intended as a (1) stand-alone decision-maidng tool, (2) as • substitute for EPA guidance for 
preparing baseline risk assessments, or (9) a rule to determine If a waste Is hazsrdous under 
RCRA. 

The guidance set out In this document I. not final Agency action. It is not intended, nor can it 
be relied upon to create any rights enforceable by any party in litigation with the United States. 
EPA officials may decide to follow the guidance provided herein, or act at variance with the 
guidance, based on an analysis of specific circumstances. The Agency also reserves the right 
to change this guidance at any time without public notice. 
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EXHIBIT 1-1 
TYPICAL EXPOSURE PATHWAYS BY MEDIUM 

FOR RESIDENTIAL AND INDUSTRIAL LAND USES' 

1 	 EXPOSURE PATHWAYS, ASSUMING: 

MEDIUM RESIDENTIAL LAND USE INDUSTRIAL LAND USE 	_ 

G round Water ingestion from drinking Ingestion from drinking 

Inhalation of volatiles Inhalation of volatiles 

Dermal absorption from bathing Dermal absorption 

. 	Surface Water Ingestion from drinking Ingestion from drinking 

inhalation of volatiles inhalation of volatiles 

Dermal absorption from bathing Dermal absorption 

Ingestion during swimming 

Ingestion of contaminated fish 

Soli ingestion ingestion 

inhalation of particulates inhalation of particulates 

inhalation of volatiles inhalation of volatiles 

Exposure to indoor air from soll 
gas 

Exposure to indoor air from 
soil gas 

I 
I 

Exposure to ground water 
contaminated by soil leachate 

Exposure to ground water 
contaminated by soil leachate 

1 Ingestion via plant uptake Inhalation of particulates from 	. 
trucks and heavy equipment 

Dermal absorption Dermal absorption 

Footnote: 
'Exposure pathways considered in the PRG calculations are indicated in boldface Italics. 
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2.0 READING 'DIE PRG TABLE 

2.1 	General Considerations: 

PRGs are health-based concentrations that correspond to either a 1 in a million (10 4) cancer risk or a 
s'saW reference dOse (RiD)-, whicheverls bwer.---PRG-concentrafionsbased-on-cancer and 
noncancer concerns are indicated by 're and lie, respectively. Cancer-causing agents may have 
additional non-cancer PRGs not listed in the Tables. These can be obtained by downloading file 
(PRG2ND94.21P) from California Regional Water Board's Bulletin Board System at [(510)286-0404)] or 
using the calculations provided below. 

In general, PRG concentrations in the table are risk-based but for soil there are two important 
exceptions: 1) for several volatile chemicals PRGs are based on soil saturation equation Nan (see 
below), and 2) for relatively less toxic inorganic and sernivolatile contaminants, a non-risk based 
"ceiling limit' concentration is given as 104mg/kg 	PRG concentrations that are not risk-based 
(i.e. either "sat or 'max') should be segregated before screening multiple pollutant risks. 

22 	Toxicity Values: 

EPA toxicity values, known as noncarcinogenic reference doses (RfD) and carcinogenic slope factors 
(SF) were obtained from IRIS through July 1994, HEAST through March 1994, and ECAO-Cincinnati. 
The priority among sources of toxicological constants used are as follows: (1) IRIS (indicated by'r), 
(2) HEAST ('h"), (3) ECAO-Cinclnnati ("e"), and (4) withdrawn from IRIS or HEAST (Y). Note In 
some cases, state toxicity values may differ from the federal numbers or even be promulgated 
as ARARs; these and the resultant PRGs should also be considered as initial cleanup goals. 

Floute-to-route extapolations ('e) were frequently used when there were no toxicity values available for 
a given route. Oral cancer slope factors ('oSF") and reference doses roRfD, were used for both oral 
and inhaled exposures for organic compounds lacking inhalation values. Also, inhalation slope factors 
('iSF") and inhalation reference doses (IRfD") were often used for both inhaled and oral exposures for 
organic compounds lacking oral values. 

An additional route-to-route extrapolation Is the use of oral toxicity values for evaluating dermal 
exposures. Although route-to-route methods are a useful screening procedure, the assumptions may 
need to be further evaluated in a site-specific risk assessment 

2.3 	Son Factors: 

Chemical-specific information for soils, volatilization factors eVFJO and skin absorption factors 
CABS6), are listed in the table to provide additional assumptions used to calculate soil PRGs. For 
volatile chemicals, the I'VF V term was incorporated into the PRG equations to address long-term 
Inhalation exposures. Volatile organic chemicals (VOCs) are indicated by '1' in thay0C column of the 
Table and are defined as those chemicals having a Henry's Law constant greater than 10 4  (atm-
m3/mol) and a molecular weight less than 200 g/mole). 

Chemical-specific "ABS' values are provided for arsenic, cadmium, pentachlorophenol, PCBs, and 
dioxin as recommended by EPA's Office of Research and Development (1994) for the evaluation of 
contaminant absorption through the skin. Otherwise, default skin absorption fractions are assumed to 
be 0.01 and 0.10, for inorganics and organics, respectively. 
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2.4 	Risk Screening: 

A suggested stepwise approach for screening sites with PRGs Is aS follows: 

• Perform an extensive records search and compile existing data 

• identify site contaminants in the PRG Table. Record the PRG concentrations for 
various media and note whether PRG is based on cancer risk (indicated by "eau) or 
noncancer hazard (indicated by are). Segregate cancer PRGs from non-cancer PRGs 
and exclude (but don't eliminate) non-risk based PRGs ('sat or "max"). 

• For cancer risk estimates, take the site-speciftc concentration (maximum or 95 UCL) 
and divide by the PRG concentrations that are designated for cancer evaluation Nal. 
Multiply this ratio by 104to estimate chemIcal-specific risk. For multiple pollutants, 
simply add the risk for each chemical : 

COIIC 	COI= 	CLOW 
Risk•10 -6 .(( 	+ (---2)+ (---2)] 

PRG, 	PRGy 	PRG, 

• For non-cancer hazard estimates. DMde concentration term by its respective non-
CartceT PRG designated as "re and sum the ratios for multiple contaminants. [Note 
that carcinogens may also have an associated non-cancer PRG that is not listed In the 
printed copy of the table and these will also need to be obtained In order to complete 
the non-cancer evaluation.] The non-cancer ratio represents a hazard index (HI). A 
hazard Index of I or less is generally considered safe . A ratio greater than I suggests 
further evaluation: 

conc. 	cone' 	canc. Hazard Index= I (—= 1 ) + (--Z)+ (—=)] PRO, 	PRGy 	PRG, 

For more information on screening site risks, the reader should contact EPA Region IX's Technical 
Support Section. 
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3.0 TECHNICAL SUPPORT DOCUMENTATION 

PRGs consider direct exposure hazards to chemicals from contact with complex media, soils, air, and 
water. The emphasis of the PRG equations and technical discussion are aimed at developing initial 
goals for soils, since this is an area where few standards exist. For air and water, additional reference 
concentrations or standards are available for many chemicals (e.g. MCLGs and NAAQS) and 
consequently the discussion of these media are brief. 

3.1 	Volatile Chemicals in Soil and Water: 

Volatile chemicals, defined as those chemicals having a Henry's Law constant greater than 10 4  (atm-
ma/mol) and a molecular weight less than 200 g/mole, were screened for inhalation exposures using a 
volatilization factor in the PRG calculations for soil and water (RAGS Part B). 

Volatilization factors for soils (VF_s) are chemical-specific and were calcuiated from physical-chemical 
information obtained from a number of sources including Superfund Exposure Assessment Manual 
(reference 61 8)(SEAM, EPA 1988), Superfund Public Health Evaluation Manual (reference •2 6)(EPA 
1986), Subsurface Contamination Reference Guide (reference "3")(EPA 1990) and Fate and Exposure 
Data (reference "41(Howard 1991) and are presented in Attachment A. In those cases where 
Diffusivity Coefficients (Di) were not provided In existing literature, Di's were calculated using Fuller's 
Method described in SEAM. A surrogate VF for contaminants In soil was required for some chemicals 
that lacked physico-chemical information. In these cases, a proxy chemical of similar structure was 
used that may over- or under-estimate the PRG for soils. 

The basic principle of the VF model is applicable only if the soil contaminant concentration is at or 
below soli saturation, if the PRG calculated using VF s was greater than the calculated 'sat% the PRG 
was set equal to 'sat* in accordance with Risk Assessment Guidance for Superfund - Pad B (EPA, 
1991). 

For tap water, an upperbound volatilization constant (VF_w) is used that is based on all uses of 
household water (e.g showering, laundering, and dish washing). Certain assumptions were made. For 
example, ft is assumed that the volume of water used In a residence for a family of four is 720 liday, 
the volume of the dwelling is 150,000 L and the air exchange rate is 0.25 air changes/hour (Andelman 
in RAGS Part B). Furthermore, it is assumed that the average transfer efficiency weighted by water 
use is 50percent [i.e. half of the concentration of each chemical in water will be transfered into air by 
all water uses. Note: the range of transfer efficiencies extends from 30% for toilets to 90% for 
dishwashers. 

32 	Dermal Absorption of Contaminants in Soil: 

Much uncertainty surrounds the determination of hazards associated with skin contact with soils. Thus 
far, chemical-specific absorption values for sldn have been recommended for only five chemicals by 
EPA's Office of Research and Development For ail other chemicals, default absorption values for 
inorganics and organics are assumed to be 1 and 10 percent, respectively. An additional uncertainty 
Is the lack of toxicity values for the dermal route. For screening purposes it is assumed that dermal 
toxicity values can be route-to-route extrapolated from oral values, but this may not always be an 
appropriate assumption and should be checked. 

At 10 % skin absorption, the dermal dose is estimated to equal an ingestion dose for adults, using the 
best estimate default values in Dermal Exposure Assessment Principles and Applications (EPA 1992). 
At 1 % absorption, the dermal dose is estimated to be 10% of the oral dose (i.e. based on an adult 



ingestion rate of 100 mg/day). Note: worker and children intake rates, 50 mg/day and 200 mg/day, 
respectively, yield somewhat different results. 

dermal dose = ingestion dose 

C'30az•ABSAINSAnCsate.72 

(100mg/day) 	 ABS= 	 =0.10 
[(0.2mg/cm 2 -day) (5000022)] 

	

3.3 	Chemicals Adsorbed to Airborne Particles: 

inhalation of chemicals adsorbed to respirable particles (PM W) were assessed using a default 
particulate emission factor (PEF) equal to 4.63 x 10 re/kg that relates the contaminant concentration in 
soil with the concentration of respirable particles in the air due to fugitive dust emissions from 
contaminated soils. The relationship is derived by Cowherd (1985) for a rapid assessment procedure 
applicable to a typical hazardous waste site where the surface contamination provides a relatively 
continuous and constant potential for emission over in extended period of time (e.g. years). This may 
not be an appropriate assumption for all sites. 

With the possible exception of cadmium, chromium, and nickel, inhalation of airborne particles (under 
typical conditions) does not significantly affect the PRG for soils. For more details regarding specific 
parameters used in the PEF model, the reader is referred to RAGS Part B (EPA, 1991). 

	

3.4 	Exposure Factors: 

Default exposure factors were obtained primarily from RAGS Supplemental Guidance Standard Default 
Exposure Factors (OSWER Directive, 9285.6-03) dated March 25, 1991 and supplemented with more 
recent information from U.S. EPA's Once of Solid Waste and Emergency Response, U.S. EPA's 
Office of Research and Development, and California EPA's Department of Toxic Substances Control 
(see Exhibit 3-1). 

Because contact rates may be different for children and adults, carcinogenic risks during the first 30 
years of life were calculated using age-adjusted factors. Use of age-adjusted factors are especially 
Important for soil ingestion exposures, which are higher during childhood and decrease with age. 
However, for purposes of combining exposures across pathways, additional age-adjusted factors are 
used for Inhalation and dermal exposures. These factors approximate the integrated exposure from 
birth until age 30 combining contact rates, body weights, and exposure durations for two age groups - 
small children and adults. Age-adjusted factors were obtained from RAGS PART B or developed by 
analogy. 
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(1) ingestionamg•yryikgad): 

ED,•IRS, 	EDd *IRS, 
IFS „di m BW, 	BM, 

(2) skin contactamg•yry[kg•d]: 

sFs  ED,•SL•SA,  *  (Z13,-11D) .• SL•SA, 
ad' 	 BW, 	 BW, 

(3) inhalation (1m3•yrY4kg•dp: 

InhPadf 
 Epc*ZRAc +   (ED.r -EDe)  

BW, 	BW, 

For soils only, noncarcinogenic contaminants are evaluated in children separately from adults. No age-
adjustment factor is used in this case. The focus on children is considered protective of the higher 
daily intake rates of soil by Children and their lower body weight For maintaining consistency, when 
evaluating soils, dermal and inhalation exposures are also based on childhood contact rates. 

PRG Equations: 

The equations used to calculate the PRGs for carcinogenic and noncarcinogenic contaminants are 
presented in Equations 3-1 thru 3-8. Calculations of PRGs are consistent with RAGS Part B (U.S. 
EPA 1991) but also consider updates to the RAGS Part B equations. Briefly, the methodology 
backcalculates a soil, air, or water concentration level from a target risk (for carcinogens) or hazard 
quotient (for noncarcinogens). The equations for soil combine across pathways for direct exposures 
(i.e. Ingestion, skin contact, and inhalation). To evaluate route-specific contribution to the PRG 
concentration, the reader may want to download the PRG table from California Regional Water Board's 
BBS mentioned above and display the hidden columns. 

To calculate PRGs for volatile chemicals in soil, a chemical-specific volatilization factor is calculated per 
Equation 3-9 (page 12). Because of its reliance on Henry's law, the VF model is applicable only when 
the contaminant concentration in soil water is at or below saturation (I.e. there is no free-phase 
contaminant present). This corresponds to the contaminant concentration in soil at which the 
adsorptive limits of the soil particles and the solubility limits of the available soil moisture have been 
reathed. Above this point pure ilquid-phase contaminant is expected in the soil. The updated 
equation for deriving Cm, is presented in Equation 3-10. 

8 



EXHIBIT 3-1 
STANDARD DEFAULT FACTORS 

Svmbol 	Definition (units) 	 Default 

CSFo 	Cancer dope factor oral (mg/kg-d)-1 
MR 	Cancer slope factor inhaled (mwkg-d)-1 
RfiDo 	Reference dose oral (mg/kg-d) 
RiDI 	 Reference dose Inhaled (mg/kg-d) 

TR 	 Target coyest Sok 	 10-6 
THO 	Target hazard quotient 	 1 

BWa 	 Body weIght, adult (kg) 	 70' 
BWc 	 Body weight, eNid (kg) 	 15 

AT 	 Averaging time - cancer (yews) 
.. 

SM 	 25% Surface area, adult (ang) 	5000 
SAc 	 25% Surface area, child (aril 	2000 
AF 	 Adherence factor (mg/crnt) 	 0.2 
ABS 	 SIdn absorption (unitises): 

—organics 
—Inorganics 

1RM 	Mhotram rate - adult (m'Iday) 
IRAc 	Inhalaion Me - dad (nil/day) 

IRWa 	Drinking webr ingestion - adult (Way 	2 
1RWc 	Drinking water ingestion - did (Way) 	1 

IRSa 	Soil ingestion - adult (mg/day) 	 100 
IRSc 	 Soil ingestion - child (mg/day), 	200 
IRSo 	Soil ingestion - occupational (mg/day) 	ao 

EFr 	 Exposure frequency - residential (d/y) 	350 
EFo 	 EsPosure frequency - occupational (dfy) 	250 
EDr 	 Exposure duration • residential (years) 	306  
EDc 	 Exposure duration - child (years) 	a 
EDo 	 Exposure duration - occupational (years) 25 

Age-adjuated factors for carcinogens: 
1FSadj 	!Nub= feats, sous amonfrlikome 
SFSadj 	Skin contact factor, sob (Imryryllerdp 
InhFadj 	Inhalation factor (IrnS1)4kged1J 

VFw 	 Volatilization factor for water (uritless) 	0.5 
PEF 	 Particulate emission factor (thkg) 	Soo below 
VFs 	 Volatilization factor tor soli (inVkg) 	See below 

Ceat 	 Soil asesatIon concentration (mg/kg) See below 

Reference 

IRIS, HEAST, or ECAO 
IRIS, HEAST, or ECAO 
IRIS, HEAST, or ECAO 
IRIS, HEAST, or ECAO 

.111111. 

RAGS (Part A), EPA 1989 (EPA/54W1-89)002) 
Exposure Factors , EPA 1991 (OSWER No. 9285.6-03) 

Donna! Assessment, EPA 1992 (EPN600/8-91/011B) 
Dermal Assessment, EPA 1992 (EPA/ 600/8-9/011B) 
DOM* Aseassment, EPA 1992 (EPA/ 800/8-9)011B) 

RAGS(Part A), EPA 1989 (EPN54W1-89/002) 
PEA, Cal-EPA (DISC, 1994) 

Exposure Factors , EPA 1991 (OSWER No. 9285.6-03) 
Exposure Factors , EPA 1991 (OSWER No. 9285.6-03) 
Exposure Factors , EPA 1991 (OSWER No. 9285.6-03) 

Exposure Factors , EPA 1991 (OSWER No. 9285.6-03) 
Exposure Factors , EPA 1991 (OMER No. 9285.6-03) 
Exposure Factors , EPA 1991 (OSWER No. 9285.6-03) 
Exposure Factors , EPA 1991 (OSWER No. 9285.6-03) 
Exposure Factors , EPA 1991 (OSWER No. 9285.6-03) 

RAGS(Part 9) , EPA 1991 (OSWER No. 9285.7-01B) 
RAGS(Part B) , EPA 1991 (OSWER No. 9285.7-0113) 
OSWER (EPA 1993, communication from Janine Dinan) 

OMER (EPA 1994, cornmunication Worn Arai, Dimm) 

70 	RAGS(Part A), EPA 1989 (EPA/54W1-89/002) 

0.1 	PEA, Cal-EPA (DISC, 1994) 
0.01 	PEA, Cal-EPA (DISC, 1994) 

20 	Exposure Factors , EPA 1991 (OSWER No. 9285.6-03) 
10 	RAGS (Part A), EPA 1989 (EPA/54W1-891002) 

114 	RAGS(Part B) , EPA 1991 (OSWER No. 9285.7-01B) 
503 	By analogy to RAGS (Part B) 
11 	By analogy to RAGS (Part B) 

Footnote: 
•Saventy years is the averaging time for carcinogens. For noncarcinogens, Ms averaging llme is sat aqui! to the =mein duration 
(AT si ED). 
'Exposure duraSon br Means residents Is maned lo be 30 years total. For carcinogens, exposures are combined for children (6 yaws) 
and adults (24 years) . 
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PRO EQUATIONS 

Soil Eouations: For soils, equations were based on three exposure routes (ingestion, skin contact, and 
inhalation). 

Equation 3-1: Direct Exposures to Carcinogenic Contaminants In Residential Soil 

TRAT165d/y  
C(Ing/kg) 

EF,t ( 	
-CHF

° ) ( 
SFS,drABS•CSF,

) ( 
InhFadj•CS. 

 ) 
106ing/kg 	3.O'mg/kg 	 a 

Equation 3-2: Direct Exposures to Noncarcinogenic Contaminants in Residential Soil 

THO-BWc..ED2.16  5 d/y  
c(mg/kg)a 	, 	IRS e 	 SAC•SLABS 

) 

+ 3. 	) 3  
EFx.ED` I  RfDo .  3.06mgficg

) ( 
RfD0

• 
106ifigncg 	RfDi VF a  

Equation 3-3: Direct Exposures to Carcinogenic Contaminants in Industrial Soil 

2213W,A7365d/y  
Cling/ kg) 't 	IRSO•C'SFO„ a•SLABS )  ZRA,•CS,Fi  ) 3

•
EyeED.I( 	106ingficg l * 106mg/ kg 	VFI 

• Equation 3-4: Direct Exposures to Noncarcinogenic Contaminants In Induatrial Soil 

7710•BPIalg;•365d/  y  
C (Mg/ kg)  

EFTD „ 
	 ) 	1 SAa.SLABS 1*  3. IRA,•  

• o" RtD0 .  106mg/ kg RfD0 10 4ing/ kg j  Rfk VI" 

Footnote: 
'Use VF tor %midis chemicals (defined as having a Hentys Law Constant Isen-teimol) gloater than 10 4  and a molecular weight W than 200 
grarnshrd) or PEF for non-volatlis cheniosts. 
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C(ug/L)=
7710•BW1423r165d/r1000ug/mg 

IRW 	VF.t.TRA 
EFf'.1gDz I(---1 ) + ( 	a  n 17.fD0 	RfDi  

Tao Water Eauations: 

Equation 3-5: Ingestion and inhalation Exposures to Carcinogenic Contaminants in Tap Water 

TRA T165 d/y1.000 ug/mg  C(ug/L)=
FX,C(.17Wadj•CSP•)+(VF„.InhFadiCSF4)] 

Equation 3-6: Ingestion and Inhalation Exposures to Noncarcinogenic Contaminants in Tap Water 

Air Equations: 

Equation 3-7: Inhalation Exposures to Carcinogenic Contaminants in Air 

c ( ugno.) ,TRA1'365d/r1000ug/mg  
EF,-ZahFai•CSFA  

Equation 3-8: Inhalation Exposures to Carcinogenic Contaminants in Air 

C(ug/m3)= 771aRfA•BW,ED,165d/r100Oug/mg  
EF:T14*.TRA, 

_ 
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SOIL-TO-AIR VOLATIUZATION FACTOR (VF) 

Equation 3-9: Derivation of the Volatilization Factor 

(zslArfn 	(3.141vrin  VP (m 3  / kg) 

where: 

DfP 
a= 	  

Pg+ 1 (p,) (i-Pd /1C.3 

Parameter 	Definition (units) 	 Default 

VF 	Volatilization facie( (thkg) 

LS 	Length of side of contaminated contaminated area (m) 	 45 

• Windspeed in Mxtng zone (int) 	 2.25 

DH 	Diffusion height (m) 	 2 

A 	Area of contamination (cm11) 	 20,250,000 

D, 	Effective diffusivity (cm%) 	 DPeasI/Pil) 

P, 	Air Sled soil porosity (unitises) 	 Pt  -OS 

Pt 	Total soil porosity (unitiess) 	 1 43/1;) 

• Soil moisture content (one-water/El-soil) 	 0.1 

• Soil bulk density (War?) 	 1.5 

Pa 	True soli density or particle density (g/cms) 	 2.55 

Km 	Soil-air partition coefficient (g-sollicmtair) 	 (H/K„) x 41 
(41 is a conversion factor) 

T 	Exposure interval (s) 	 x 10.  

Di 	DifluslAty in sir (cm%) 	 Chenticel-spedfic 

H Henry's Law constant (Ilim-m sMel) 	 Chemical-spa:45c 

K, 	Soff-water partition coeffidertgan sig) 	 IC,„ x 00 

k„, 	Organic carbon pertition coefficient (cre/g) 	 Chemical-specific 

00 	Organic carbon content of soli (fraction) 	 0.02 

A 	( 2 •D,ePalc,10-31cg/ g) 
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SOIL SATURATION CONCENTRATION (C„,i) 

Equation 3-10: Derivation of the Soil Saturation Limit 

Can s' (14i +1",+1111,) 

Parameter 	Definition units Default 

C. 	Soil saturation concentation (mg/kg) 

Soil-water partition coefficient Qnglicipsoll per mg/L-water) 

Organic carbon partition coeflickent (mg1kg-OC per mg/Leader) 

Organic carbon content of soli (kg-OCArg-soil) 

Solubility in water (mg/L-water) 

Soil dry bulk deufty (kg-son.-soil) 

Water filled soil porosity Varese) 

Henrys Law constant (unitises) 

Henrys Law constant Oen-ma/mph 

Air-filled soil porosity (unitises) 

Average unsaturated zone soil volumetric 
water content (lowater/L-soil) 

Average unsaturated zone soli 
gravimetric water content 
(kg-water/kg-soil) 

Density of water (kg-watsr/L-water) 

Total soil porosity (uritiess) 

True soil density or particle density (kg-sol1/1.-soll) 

MO 

Chemical-specific. or K„ OC 

Chenical-specik 

Ske-specilic or 0.02 

Chemical-epocific 

Site-specific or 1.5 

P, - P, 

H x 41, where 41 Is a units 
conversion factor 

Chemical-specific 

Pt  - 

e•Bir. 

Site-sped5c or 0.1 

1  Ng- 

1 • B/p•  

2.65 kgA. 



ATTACHMENT A 
PHYSICAL-CHEMICAL CONSTANTS USED IN CALCULATING SOIL PRGis FOR VOLATILE ORGANIC CHEMICALS 

Acetone 
Amicable 
Ammonia 
Benzene 
Benzyl chloride 
Bis(2-chlomethyl)elher 
Bis(2-chlorolsopropyl)ether 
131s(chloromethy)ether 
Bromodichloromethene 
Bromoelhene (Surrogate a Bmmornethane) 
Bromomethane 
1,3-Butediene 
Carbon disulfide 
Carbon labachlodde 
Chlorine dioxide 
Chloroaceteldehyde 
2-Chloroacetophernine (Sunogate = Chlorobenzene) 
Chlorobenzene 
2-Chloro-1,3-butadlene 
1-Chforabutene (Surrogate a 2-Chloro-1.5butedlene) 
Chloroalluoromethane (Surrogate = Dichlorodituoromethaie) 
1-Chloroethyl vinyl ether 
Chloroform 
Chloromethane 
2-Chloropropane 
o-Chlorotoluene 
Crotonaldehyde (Surrogate a Methyl metheaylate) 
Cumene (Surrogate • Ethylbenzene) 
1,2-Dibromoelhane 
.12-Dichlorobenzene 
1.3-Dichlorobanzene 
1.4-Dichlorobenzene 
1.4-Dichloro-2-butene (Smmgate a 2-Chloro-1,3-butadiene) 
Dichlorodilluoromethand 
1.1-Dishioroethane 
1.2-Dichloroethane (EDC) 
1.1-Dichloroethylene 
12-Dichloroathylene (trans) 
12-Dichlomethylerie (misaure) 
13-Dichlotopropane 
1.34)ichloropropene 
1.3-Dichloropropene 
Dicyclopentadiene 
Dimethytanfine 
tA-Dioxene 
Epichlorohydrin 
Elhyl acrylate (Surrogate a Methyl methamylate) 
EihYlbearane 
EthYlene oxide 
Ethyl chloride 
Elhyl ether - 
Ethyl methacrytate (Surrogate a Methyl melhacrytate) 
Hydrogen sulfide 
Methaaylonitrile (Surrogate a ArmytonMe) 
Methyl acetate (Surrogate • Acetone) 
Methyl acryiate (Surrogate a Methyl methaaylate) 
Methylene chloride 
Methyl ethyl ketone 
Methyl styrene (mixture) (Surrogate a Styrene) 
Methyl styrene (alpha) (Surrogate a Styrene) 
Nitrogen dioxide 
2-Nitropmpane 
Polynuctear aromatic hydrocarbons 
Acenaphthene 
Anihracene 
Fluorene 
Naphthalene 
Phenanthrene 

Propylene oxide 
Styrene 
1,1.1.2-Tetrachloroethane 
1.1.2.2-Tetrachloroethane 
Tetrachioroelhylene (PCE) 
Tetrahydrofuran 
Toluene 
1.2.4-Trichlorobenzene 
1.1.1-Trichloroathane 
1.12-Trichloroethane 
Trichloroethylene (TCE) 
Trichiorofluoromethane 
1.1.2-Tnchioropropene (Surrogate * 1.2-Dichloropropane) 
12.3-Trictooropropane (Surrogate a 1.2-Dichloropropane) 
1.2.3-Tnchloropropene (Surrogate • 1.3-Dichloropropene) 
1,12-Thchloro-1,2,24rifluoroethane (S 5  Trichlorolluoromethene) 
Tfiethylamine (Surrogate a Dimethylamine) 
Vinyl chloride 
m-Xylene 
oXylene 
p-Xylene 
Xylene (mixed) 

MW 
(Wool) 

58 
53 
17 
78 

130 
140 
170 
120 
1130 
108 
95 
54 
78 

150 

150 
110 
as 
05 

120 

120 
01 
79 

127 
70 

120 
190 
150 
150 
150 
122 
120 
90 
99 
97 
97 " 
97 

110 
110 
110 

45 
88 
93 

100 
110 
44 
85 
74 

120 

93 
74 

100 
es 
72 

119 
119 

150 
180 
170 
130 
180 
sa 

100 
170 
170 
170 
72 
92 

180 
130 
130 
130 
137 
147 
147 
148 
188 
as 
83 

110 
110 
110 
110 

Henry's Law 	Diffusivity in 

	

(atrmirelfmol) 	Air (cre2fs) 

	

.000021 	 0.100 

	

.000088 	 0.110 

	

.000320 	 0.250 

	

.005500 	 0.088 

	

.000051 	 0.087 

	

.000290 	 0.070 

	

.000110 	 0.083 

	

.000200 	 0.089 

	

001500 	 0.080 

	

.0013200 	 0.100 

	

008200 	 0.100 

	

180000 	 0.098 

	

.012000 	 0.110 

	

.024000 	 0.080 

	

0.003500 	 0.072 

	

0.003500 	 0.072 

	

0.032000 	 0.110 

	

0.032000 	 0.110 

	

0.100000 	 0.080 

	

0.003800 	 0.089 

	

0.024000 	 0.110 

	

0.002300 	 0.080 

	

0.003500 	 0.072 

	

0240000 	 0.091 

	

0.008400 	 0.075 

	

0.000320 	 0.073 

	

0.001900 	 0.130 

	

0.001900 	 0.130 

	

0.001800 	 0.130 

	

0.032000 	 0.110 

	

0.100000 	 0.080 

	

0.004300 	 0.091 

	

0.001200 	 0.091 

	

0.150000 	 0.079 

	

04308800 	 0.079 

	

0.008800 	 0.079 

	

0.003800 	 0.080 

	

0.001300 	 0.080 

	

0.001300 	 0.081 

	

0.000090 	 0.1213 

	

0.000011 	 0.085 

	

0.000032 	 0.088 

	

0.240000 	 0.091 

	

0.007900 	 0.075 

	

0.000078 	 0.130 

	

0.011000 	 0.100 

	

0.000013 	 0.070 

	

0240000 	 0.091 

	

0.000088 	 0.110 

	

0.030021 	 0.100 

	

0240000 	 0.091 

	

0.002800 	 0.100 

	

0.000027 	 0.090 

	

0.002300 	 0.071 

	

0.002300 	 0.071 

	

0.001200 	 0.084 

	

0.000034 	 0.058 

	

0.000084 	 0.081 

	

0.001300 	 0.0139 

	

0.000040 	 0.058 

	

0.002300 	 0.071 

	

0.000380 	 0.073 

	

0.000500 	 0.073 

	

0.023000 	 0.072 

	

0.000110 	 0.089 

	

0.005800 	 0.078 

	

0.002300 	 0.082 

	

0.002800 	 0.080 

	

0.001200 	 0.080 

	

0.008920 	 0.0111 

	

0.097000 	 0.087 

	

0.033800 	 0.080 

	

0.003800 	 0.080 

	

0.001300 	 0.081 

	

0.058000 	 0.087 

	

0.000090 	 0.120 

	

0.700000 	 0.110 

	

0.0013900 	 0.087 

	

0.0134903 	 0.087 

	

0.007000 	 0.087 

	

0.005300 	 0.087 

Koc 
(rfell) 

22 
0.9 
3.1 

85.0 
50.0 
14.0 
81.0 

1.2 
100.0 
130.0 
130.0 
120.0 
54.0 

110.0 

180.0 
1130.0 
50.0 
50.0 
5111.0 

31.0 
35.0 
51.0 

180.0 
840.0 
220.0 
28.0 

1100.0 
1200.0 
120130 

50.0 
58.0 
30.0 
14.0 
85.0 
59.0 
59.0 
51.0 
48.0 
48.0 

22 
3.5 
3.5 

840.0 
220.0 

2.2 
15.0 
14.0 

840.0 

0.9 
2.2 

840.0 
8.8 
4.5 

380.0 
350.0 

4800.0 
13000.0 
7900.0 
1300.0 

140000 

350.0 
54.0 

220.0 
8130.0 

2130.0 
9200.0 

150.0 
58.0 

130.0 
180.0 
51.0 
51.0 
48.0 

180.0 
2.2 

57.0 
240.0 
240.0 
240.0 
240.0 

Water &ability 
(WI) 

1000000 
79000 

530000 
1800 
3300 

10000 
1700 

22000 
4700 

18000 
18000 

740 
2900 
780 

470 
470 
850 
580 
280 

8200 
8200 
2700 
470 

20 
150 

3400 
100 
120 
79 

060 
280 

5500 
8700 
400 

6300 
6300 
2700 
2800 
2800 

1000000 
430000 
50000 

20 
880 

1000000 
5700 

10000 
20 

79000 
1000000 

26 
13200 

270000 
300 
300 

4 
a 
2 

31 
1 

300 
2900 
2900 

150 

520 
30 

950 
4503 
1003 
1100 
2700 
2700 

1100 
1000000 

1100 
200 
200 
200 
200 

References 

12 
1,2 
1.2 

12.3 
12 

1,2,4 
1,2 
1,2 
2.4 
24 
2,4 
1.2 
1,2 
2.3 

2,3 
2,3 
2,4 
2,4 

1.2.4 

12,4 
1,2,4 
1,2 
2,3 
1.2 
2.3 
2.3 
2.3 
2.3 
2,3 
1.2 

1,2,4 
2,3 
2.3 
2.3 
2,3 
2.3 

1,2,4 
1.2 
1.2 

1,2 
1,2 
1.2 
1.2 
2.3 
1.2 
2.3 

1,2,4 
1,2 

12 
1,2 
12 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2,3 
2.3 
2.3 

2,3 
1,2 
2.3 
2.3 
2,3 
2,3 
1,2 
2,3 
2.3 
2,3 

12.4 
12 
12 

1122A 
12 
2.3 
2.3 
2,3 
2.3 
2.3 

4. 
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